
SPECIFICATION 

TITLE OF THE INVENTION 

OPTICAL ELEMENT AND METHOD OF FABRICATION THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical element having 
the functions of diffraction, branching, filtering, and the like 
and used mainly in optical communications, and a method of 
fabrication thereof . 

Related Art of the Invention 

In recent public telecommunication and computer networks , 
optical communications having broadband capability is widely 
used in order to improve the speed and performance. Further, 
widely spreading are optical communications systems using 
wavelength division multiplexing and interactive (two-way) 
transmission. 

In the optical communications industry, various optical 
integrated circuits having diverse functions are now under 
development for the application of sophisticated optical signal 
processing. An essential element in the optical integrated 
circuits is an optical waveguide. The optical waveguide is a 
device in which a core region having a higher refractive index 
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is surrounded by a clad layer having a lower refractive index, 
whereby light is constrained within the core region and 
propagates therethrough. In the optical waveguide, various 
functions of diffraction, branching, filtering, and the like 
are implemented by arrangement of a core pattern . In particular , 
guartz optical waveguides have various advantages of low power 
loss, physical and chemical stability, and good matching with 
optical fibers, and are used as typical passive optical 
waveguides . 

In a typical method of fabrication of optical waveguides, 
a flame sedimentation technique is used for core/clad film 
formation, while a reactive ion etching technique is used for 
core pattern formation. For the core/clad film formation, 
proposed techniques other than the flame sedimentation technique 
are a CVD technique , a vacuum deposition technique , a sputtering 
technique, and the like. 

Nevertheless, in such optical modules, there have been 
the following problems in cost and productivity. 

Although many methods are proposed, at present, there is 
no method of fabrication of optical waveguides satisfying 
sufficient performance, mass-productivity, and low cost 
condition. This is because each method of film formation has 
advantages and disadvantages. For example, in the flame 
sedimentation technique and the CVD technique , high quality core 
is obtained. Nevertheless, the flame sedimentation technique 
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requires a plural times of high temperature annealing at 1 , 000°C 
or higher during about ten hours. On the other hand, the CVD 
technique has disadvantages such as a smaller film formation 
area in mass-productivity . Further, the electron beam (vacuum) 
deposition technique and the sputtering technique realize the 
formation of low power-loss film. Nevertheless, the slow film 
formation rate of these techniques causes a problem in cost, 
because the film thickness of 10 it m to a few tens jtimis generally 
necessary in the fabrication process of optical waveguides. 

Figure 11 is a diagram showing an example of a prior art 
method of fabrication of an optical element. 

First, quartz material 114 to serve as a core is sedimented 
onto a substrate 111 by flame sedimentation technique (Figure 

II (a) ) . The quartz material 114 has a refractive index higher 
than that of the substrate 111, whereby the material works as 
an optical waveguide. Next, photoresist 118 is applied onto the 
quartz material 114 (Figure 11(b)) , and then undergoes baking 
process, exposure process under a photomask having a desired 
pattern, and development process. Then, the photoresist 118 is 
patterned (Figure 11 (c) ) . 

Then, the quartz material 114 together with the substrate 

III undergoes etching process , thereby being patterned. At that 
time, the photoresist 118 serves as a mask, thereby causing the 
quartz material 114 to have a desired pattern (Figure 11(d)) . 
After that, the photoresist 118of maskis removed (Figure 11(e)). 
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Similarly, photoresist is applied onto the patterned portion, 
and then undergoes exposure process under a photomask having 
a periodical pattern , development process, and etching process . 
Then, periodical grooves are formed in the patterned portion, 
and hence a desired optical element is obtained (Figure 11 (f ) ) . 



SUMMARY OF THE INVENTION 

Taking the above-mentioned problems in the conventional 
method of fabrication of optical elements onto consideration, 
an ob j ect of the present invention is to provide an optical element 
satisfying sufficient performance, mass-production capability 
with low cost condition, and a method of fabrication thereof. 
' J> 1st invention of the present invention is an optical 

element comprising: a substrate having or not having a channel 
for optical Vaveguide ; and a material which has a refractive 
index higher t\an that of said substrate and is filled in said 
channel for optical waveguide or is disposed on said substrate; 
wherein 

the refractive index in a part of said material varies 
substantially periodically or is substantially continuously 
monotone increasing or decreasing in the direction of light 
propagation . 

^ ^ m he 2nd invention of the present invention is an optical 
element according to 1st invention, the refractive index in a 
part of saidVaterial varies substantially periodically or is 
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^kfcjji s>u^bstantially continuously monotone increasing or decreasing 
in the direction substantially perpendicular to said direction 
of 1 igk^ propagation . 
Q 3 J2> ^ e 3rc * i nvent:i - on of the present invention is an optical 
element comprising: a substrate having or not having a channel 
for optical Vaveguide; and a material which has a refractive 
index higher than that of said substrate and is filled in said 
channel for optical waveguide or is disposed on said substrate; 
wherein 

the refractive index in a part of said material varies 
substantially periodically or is substantially continuously 
monotone increasing or decreasing in a direction substantially 
perpendicular to the direction of light propagation. 
}{) H ^> 1>he 4th invention of the present invention is an optical 
element comprising: a substrate having or not having a channel 
for optical waveguide; and a resin which has a refractive index 
higher than that\f said substrate and is filled in said channel 
for optical waveguio^ or is disposed on said substrate; wherein 

the refractive index in a part of said resin varies in 
the direction of light propagation and/or in a direction 
substantially perpendicular to said direction of light 
propagation . 

$ $ ^> The 5th invention of the present invention is an optical 
element accyording to 4th invention, said part of resin the 
refractive irVlex of which varies is formed using the 
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-i-n^— e^— t^e^we — h-errtteTTing property of said re"~5-ii*- . 
U \ he 6th i nvention of tne present invention is an optical 

ilement comprising: a substrate having or not having a channel 



for optical\waveguide; and a material which has a refractive 
index higher i>han that of said substrate and is filled in said 

\ 

channel for optical waveguide or is disposed on said substrate; 
wherein 

said optical element further comprises temperature 
controlling elements disposed on said material and for partially 
changing the temperature of said material in the direction of 
light propagation and/or in a direction substantially 
perpendicular to said direction of light propagation. 
$ > 7th invention of the present invention is an optical 

element comprising: a substrate having or not having a channel 
for optical \aveguide ; and a material which has a refractive 
index higher tnNan that of said substrate and is filled in said 
channel for optical waveguide or is disposed on said substrate; 
"vTTTeTe^n 

said optical element further comprises electrodes 
disposed on saidmaterial and for partially changing the electric 
field in said material in the direction of light propagation 
and/or in a direction substantially perpendicular to said 
direction of light propagation. 
$ IShe 8th invention of the present invention is an optical 

element comprising : a substrate having or not having a channel 
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Sor optical waveguide; and a material which has a refractive 
inWex higher than that of said substrate and is filled in said 
channel for optical waveguide or is disposed on said substrate; 
where\n 

said optical element further comprises a part where said 
material protrudes to the direction of said substrate and/or 
a part where said substrate protrudes to the direction of said 
material, in the direction of light propagation and/or in a 
direction substantially perpendicular to said direction of light 
propagation . 

^) ^> 9th invention of the present invention is an optical 

element according to 8 th invention , wherein said protruding parts 
are provided substantially periodically. 

Tjtfie 10th invention of the present invention is an optical 
element according to any one of 1st, 2nd, 3rd, 6th, 7th, 8th 
and 9th inventions , , wherein said material is composed of glass 
material or reVin. 

ft 1 1 Tt^e 11th invention of the present invention is in a method 

of fabricatron of optical element , wherein photo -hardening resin 
is formed in a substrate, and wherein light is irradiated onto 
said photo-hardeniXg resin, thereby hardening said 
photo-hardening resin method of fabrication of optical element 
wherein the amount of sard light irradiated onto the surface 
of said photo-hardening res\fi is varied. 

ft M m 1 - 1 - 2 LI i inveiiLiuii ul Lhb? pies^nL Invention is d - m e^uad 
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fabrication of optical element according to 11th invention, 
whersin the amount of said light irradiation is varied 
substantially periodically or is substantially continuously 
monotone increasing or decreasing, in a predetermined direction 
on the surface oK said photo-hardening resin. 
jft J 3 J> T\e 13th invention of the present invention is a method 
of fabrication of optical element according to 11th or 12th 
inventions , ^herein the intensity of said light irradiation onto 
said photo-hardening resin is varied, whereby the amount of said 
light irradiatioAonto the surface of said photo-hardening resin 
i g — ^ra-af4red . 

$ I %2^> iHae 14th invention of the present invention is a method 
of fabrication of optical element according to 13th invention, 



wherein a mask having partially different light transmissivity 
is used, whereby^^e intensity of said light irradiation onto 
the surface of said ^oto-hardening resin is varied. 

15th invention of the present invention is a method 
of fabrication of optical element according to 11th or 12th 
inventions, whVein a light shielding plate is used so as to 
sequentially changk the region irradiated by said light, whereby 
the amount of said l\ght irradiation onto is varied. 
Q ' ^ ^ Tfce 16th invention of the present invention is in a 
method of fabrication of optical element, wherein 
photo-hardeniXa resin is formed in a substrate , and wherein light 
is irradiated on "Dp said photo-hardening resin, thereby hardening 
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id photo-hardening resin, a method of fabrication of optical 
element, wherein another optical component is connected to said 
photoViardening resin, and then said photo-hardening resin is 
hardenedS whereby said optical component is fixed to said 
photo-hardening resin . 

ft J 7 J> i^he 17th invention of the present invention is a method 
of fabrication of an optical element according to any one of 
1st to 7th indentions , wherein said channel for optical waveguide 
in said substrate is formed in a integrated manner using a mold 
having protrusioi\ and recess in the surface thereof. 
} l*t ^ xlae 18th invention of the present invention is a method 
of fabrication of an optical element according to 8th or 9th 
inventions , Yherein the protrusion and recess in said substrate 
of said optica\ element is formed in a integrated manner using 
a mold having protrusion and recess in the surface thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[Figure 1] 

$ H Mgure 1 is a diagram showing an optical element according 
to a f irst\embodiment of the invention. 
[Figure 2] 

# ^ >F\qure 2 is a diagram showing the function of an 
optical-wa\eguide type diffraction grating according to a first 
embodiment orSthe invention. 
[Figure 3] 
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$ ^ 'figure 3 is a diagram showing an optical element according 
to a second embodiment of the invention. 
[Figure 4] 

Figure 4 is a diagram showing an optical element according 
to a third embodiment of the invention. 
[Figure 5] 

$ el I^FSsgure 5 is a diagram showing an optical element according 
to a fourrMj embodiment of the invention. 
[Figure 6] 

3 X^^igure 6 is a diagram showing an optical element according 
to a fift>(i embodiment of the invention. 
[Figure 7] 

Figure 7 is a diagram showing a method of fabrication of 
an optical element according to a sixth embodiment of the 
invention . 

[Figure 8] 

Figure 8 is a diagram showing a method of fabrication of 
an optical element according to a seventh embodiment of the 
invention . 

[Figure 9] 

Figure 9 is a diagram showing a method of fabrication of 
an optical element according to an eighth embodiment of the 
invention . 

[Figure 10] 

Figure 10 is a diagram showing a method of fabrication 
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of an optical element according to a ninth embodiment of the 
invention . 

[Figure 11] 

Figure 11 is a diagram showing the prior art method of 
fabrication of an optical element. 

Description of the Reference Numerals 

11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111 Substrate 

12, 22, 42 Channel for optical waveguide 

14, 24, 34, 44, 54, 64, 74, 84, 94, 104 Resin 
15 Phase mask 

43 Protrusion and recess portion 

55 Temperature controlling element 

66 Electrode 

93 Light shielding plate 

107 Optical fiber 

114 Quartz material 

118 Photoresist 

PREFERRED EMBODIMENTS OF THE INVENTION 

The embodiments of the invention are described below with 
reference to the drawings. Like numerals designates the like 
parts throughout the drawings . 

(First Embodiment) 
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Figure 1 is a diagram showing an optical element according 
to a first embodiment of the invention. 

First, as shown in Figure 1, a channel 12 for optical 
waveguide is formed in the surface of a substrate 11 composed 
of glass or transparent resin, in a process using a mold (not 
shown) . 

Ultra-violet (hereafter described as UV-rays) hardening 
resin 14 is applied onto the formed channel surface for optical 
waveguide, thereby filling in the channel. After that, the 
UV-rays hardening resin 14 in the channel is hardened by UV-rays 
irradiation. The UV-rays hardening resin 14 has a refractive 
index higher than that of the substrate 11, whereby the UV-rays 
hardening resin 14 in the channel works as an optical waveguide 
core . 

The refractive index of the UV-rays hardening resin after 
irradiation varies within the range of 0.001 depending on the 
amount of irradiated light. Accordingly, when light having 
periodical intensity distribution is irradiated onto the UV-rays 
hardening resin 14 in the channel, periodical distribution of 
refractive index is formed in the UV-rays hardening resin 14 
(Figure 1(a)). In the irradiation, used is a phase mask technique 
in which a periodical pattern is formed by the interference 
phenomenon of light (Figure 1(b)). Here , it should be noted that 
the UV-rays hardening resin is hardened by polymerization 
reaction triggered by UV-rays irradiation , and that a difference 
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in the amount of irradiated light causes a difference in the 
degree of the reaction and hence a difference in the refractive 
index . 

The periodical distribution of refractive index realizes 
an optical -waveguide type diffraction grating . As shown in Figure 
2 (a) , when the period of refractive index variation is set to 
be 1 jam or less, light of a specific wavelength is reflected 
to the direction reverse to the incident direction. Here, the 
specific wavelength is determined by the refractive index and 
the period of refractive index variation. Further, as shown in 
Figure 2 (b) , when the period of refractive index variation is 
set to be a few tens j.i m to a few hundreds tim, light of a specific 
wavelength is released to the outside of the core, thereby 
suffering a loss. Accordingly, both elements of Figures 2(a) 
and 2(b) serve as filters. Also in the case of Figure 2(b) , the 
specific wavelength is determined by the refractive index and 
the period of refractive index variation. 

In the present embodiment, UV-rays hardening resin has 
been used as the material of the channels for optical waveguide 
cores. However, the material to be used is not restricted to 
this, and may be thermo-hardening resin. At that time, the 
temperature for hardening is varied part by part. Further, in 
the present embodiment, phase mask technique has been used in 
light irradiation. However, the method to be used is not 
restricted to this, and interference exposure technique may be 
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used. Further, a photomask having periodically varying 
transmissivity may be used. Furthermore, scanning by laser light 
irradiation or electron beam irradiation may be used. 

Further, in the present embodiment, periodical 
distribution of refractive index has been used. However, the 
distribution to be used is not restricted to this, and the 
refractive index may vary in part non-per iodically . From the 
viewpoint of productivity, the channel for optical waveguide 
is preferably formed by molding process as described above in 
the present embodiment. However, the method to be used is not 
restricted to this, and the channel may be formed by etching 
process when necessary. 

(Second Embodiment) 

Figure 3 is a diagram showing an optical element according 
to a second embodiment of the invention. 

As shown in Figure 3(a) , UV-rays hardening resin 34 is 
applied onto the surface of a substrate 31 composed of glass 
or transparent resin, thereby forming a film. The UV-rays 
hardening resin 34 has a refractive index higher than that of 
the substrate 31, whereby the UV-rays hardening resin 34 in the 
film form works as an optical waveguide core. 

Then, the UV-rays hardening resin 34 in the film form is 
irradiated by light. At that time, a light shielding plate is 
sequentially moved so that the light irradiated region on the 
UV-rays hardening resin changes sequentially. Accordingly, the 
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amount of light irradiation varies part by part on the UV-rays 
hardening resin. As a result, the resin after hardening has a 
substantially monotone increasing distribution of refractive 
index. When the velocity of the movement of the light shielding 
plate is adjusted, a distribution of refractive index is obtained 
as desired. 

Figure 3 (b) shows the case in which light composed of two 
distinct wavelengths X 1 and X 2 is incident . The refractive index 
is distributed so as to be substantially monotone decreasing 
in the direction of light propagation. The light propagates 
through the part having a larger difference in refractive index 
between the substrate and the resin. Nevertheless, as the light 
further propagates through the optical waveguide , the difference 
in refractive index decreases, whereby the waveguide condition 
becomes not satisfied. At that time, the light is emitted. Since 
the condition of emission depends on the wavelength of the light , 
the position of emission varies depending on the wavelength. 
When an optical fiber is arranged in the position of emission 
for the light of each wavelength , the light of a desired wavelength 
is selectively extracted. 

In addition, as shown in Figure 3 (c) , when the refractive 
index is further distributed so as to be substantially monotone 
increasing in a direction substantially perpendicular to the 
direction of light propagation, the direction of light 
propagation is changed. Accordingly, wavelength separation is 
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carried out during the propagation. When an optical fiber is 
arranged in the suitable position of the end of the film, from 
which the light of each wavelength is emitted, the light of a 
desired wavelength is selectively extracted. In Figure 3(c) , 
the refractive index has been distributed so as to be 
substantially monotone increasing in both the direction (or 
reverse to the direction) of light propagation and a direction 
substantially perpendicular to the direction of light 
propagation. However, as shown in Figure 3(d) , the refractive 
index may be distributed so as to be substantially monotone 
increasing only in a direction substantially perpendicular to 
the direction of light propagation. 

From the viewpoint of productivity, the distribution of 
refractive index is preferably formed by light irradiation 
process using a light shielding plate as described above in the 
present embodiment. However, the method to be used is not 
restricted to this , and a mask having continuous transmissivity 
may be used for the distribution formation when necessary. 

Further, in the present embodiment, a film has been 
sedimented on a substrate. However, the film may be formed by 
resin filled between two substrates. That is, similarly to the 
first embodiment, UV-rays hardening resin may be filled in a 
channel for optical waveguide in 3 substrate having the channel 
for optical waveguide. And then, the amount of light irradiated 
onto the resin may be controlled so that the distribution of 
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refractive index is substantially monotone increasing or 
decreasing in the direction of the channel for optical waveguide , 
and finally another substrate may be placed thereon. 

Furthermore, in the present embodiment, the distribution 
of refractive index is varying (substantially monotone 
increasing or decreasing) over the whole region of a film in 
a direction. However, a part having a constant refractive index 
and a part having a discrete change in the refractive index may 
exist. Further, in the present embodiment, an optical fiber is 
arranged in the position of light emission. However, a light 
receiving element such as a photo-diode may be used. 
(Third Embodiment) 

Figure 4 is a diagram showing an optical element according 
to a third embodiment of the invention. 

First, in a process using a mold (not shown) , a channel 
42 for optical waveguide is formed in the surface of a substrate 
41 composed of glass or transparent resin, while a protrusion 
and recess portion 43 is formed on the bottom surface of the 
channel for optical waveguide. Then, UV-rays hardening resin 
44 is applied onto the channel 42 for optical waveguide, thereby 
filling in the channel. After that, the UV-rays hardening resin 
44 in the channel is hardened by UV-rays irradiation. The UV-rays 
hardening resin 44 has a refractive index higher than that of 
the substrate 41, whereby the UV-rays hardening resin in the 
channel works as an optical waveguide core. 
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Since the depth of the core varies depending on the 
protrusion and recess portion 43, the equivalent refractive index 
of the UV-rays hardening resin 44 varies periodically, thereby 
realizing an optical-waveguide type diffraction grating. By 
adjusting the period of the protrusion and recess portion 43, 
this optical element works as an optical-waveguide type 
diffraction grating of either reflection type or long-period 
type as described above in the first embodiment. 

In the present embodiment, UV-rays hardening resin has 
been used as the material of the channel for optical waveguide 
core . However , the material to be used is not restricted to this , 
and may be thermo-hardening resin. Further, from the viewpoint 
of productivity, the channel for optical waveguide and the 
protrusion and recess portion are preferably formed by molding 
process as described above in the present embodiment. However, 
the method to be used is not restricted to this, and the 
above-mentioned structure may be formed by etching process when 
necessary. Furthermore, another planar substrate may be placed 
on top as an upper clad. 

Further, in the present embodiment, a channel for optical 
waveguide has been provided in a substrate, and a protrusion 
and a recess portion has been provided on the bottom surface 
of the channel for optical waveguide. However, instead of 
providing the channel for optical waveguide, a protrusion and 
recess portion may be formed on the substrate surface in the 
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directionof light propagation . And then, UV-rays hardening resin 
may be arranged thereon, and UV-rays may be irradiated onto a 
part in a direction of light propagation . Accordingly, an optical 
element can be obtained. This optical element has the same effect 
as that of Figure 4 . 

Further, in the present embodiment , a protrus ion and recess 
portion has been formed in a channel for optical waveguide in 
a substrate or on the surface of a substrate in the direction 
of light propagation. However, a protrusion and recess portion 
maybe formed in the channel for optical waveguide in the substrate 
or on the surface of the substrate in both the direction of light 
propagation and a direction substantially perpendicular to the 
direction of light propagation or in only a direction 
substantially perpendicular to the direction of light 
propagation . 

(Fourth Embodiment) 

Figure 5 is a diagram showing an optical element according 
to a fourth embodiment of the invention. 

As shown in Figure 5(a) , UV-rays hardening resin 54 is 
applied onto the surface of a substrate 51 composed of glass 
or transparent resin, thereby forming a film. The UV-rays 
hardening resin 54 has a refractive index higher than that of 
the substrate 51, whereby the UV-rays hardening resin 54 in the 
film form works as an optical waveguide core. 

Then, the resin 54 which is curable by the UV-rays are 
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irradiated by UV-rays for hardening. At that time, a part 540 
of the film is irradiated by the UV-rays with vary ing the intensity, 
thereby forming a part 540 having a refractive index higher than 
that of the other part. Accordingly, light is confined within 
the part 540 having a refractive index higher than that of the 
surrounding part, whereby the part works as a three-dimensional 
optical waveguide . 

At last, temperature controlling elements 55 are arranged 
on the part 540 having a higher refractive index on the film. 
In use of the optical element according to the present embodiment , 
the UV-rays hardening resin 540 serving as the optical waveguide 
is heated up by the temperature controlling elements 55. 
Accordingly, the temperature of the UV-rays hardening resin 540 
varies , and hence the refractive index of the resin varies . When 
a temperature controlling element 55 on the optical waveguide 
heats up, the refractive index of its underneath part of the 
optical waveguide varies. Accordingly, depending on the 
switching ON/OFF of the temperature controlling elements 55, 
the optical element works as an optical switch or an optical 
deflector . 

The optical element according to the present embodiment 
has been described for the case of an optical waveguide having 
a linear shape. However, the present invention is not restricted 
to this , and is applicable to any case of optical waveguide pattern 
generally used. Further, when the temperature is varied 
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periodically , the opt ica 1 e lement works as a diffraction grating . 

In the present embodiment, temperature controlling 
elements 55 have been arranged on UV-rays hardening resin 540 
having a different refractive index. However, as shown in Figure 
5(b) , even in case that the temperature controlling elements 
55 are arranged on UV-rays hardening resin 54 having a uniform 
refractive index , when a temperature controlling element 55 heats 
up the UV-rays hardening resin 54, a part having a different 
refractive index is formed within the UV-rays hardening resin 
54 . 

In the present embodiment, a temperature controlling 
element 55 has heated up the UV-rays hardening resin 54 , whereby 
a part having a different refractive index has been formed within 
the UV-rays hardening resin 54. At that time, such parts having 
a different refractive index are not restricted to be generated 
in only the direction of light propagation, but may be generated 
in both the direction of light propagation and a direction 
substantially perpendicular to the direction of light 
propagation, and may be generated in only a direction 
substantially perpendicular to the direction of light 
propagation . 

(Fifth Embodiment) 

Figure 6 is a diagram showing an optical element according 
to a fifth embodiment of the invention. 

As shown in Figure 6(a) , UV-rays hardening resin 64 is 
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applied onto the surface of a substrate 61 composed of glass 
or transparent resin, thereby forming a film. The UV-rays 
hardening resin 64 has a refractive index higher than that of 
the substrate 61, whereby the UV-rays hardening resin 64 in the 
film form works as an optical waveguide core. 

Then, the UV-rays hardening resin 64 is hardenedby UV-rays 
irradiation. At that time, a part 640 of the film is irradiated 
by the UV-rays with varying the intensity, thereby forming a 
part 640 having a refractive index higher than that of the other 
part. Accordingly, light is confined within the part 640 having 
a refractive index higher than that of the surrounding part, 
whereby the part works as a three-dimensional optical waveguide . 

At last, electrodes 66 are arranged on the part 640 having 
a higher refractive index on the film. In use of the optical 
element according to the present embodiment , an electric field 
is applied to the UV-rays hardening resin 640 serving as the 
optical waveguide by applying a voltage by the electrodes 66. 
When the electric field applied onto the UV-rays hardening resin 
640 is varied, the refractive index of the resin varies . As such, 
because of the variance in the refractive index of the film, 
the optical element according to the present embodiment works 
as an optical modulator or an optical switch of optical-waveguide 
type . 

An opposing electrode to the electrodes 66 may be provided 
in the interface between the substrate 61 and the resin 64 or 
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on the substrate 61 surface opposite to the surface on which 
the resin 64 is arranged. 

The optical element according to the present embodiment 
has been described for the case of an optical waveguide having 
a linear shape. However, the present invention is not restricted 
to this , and is applicable to any case of optical waveguide pattern 
generally used. Further, a branching and a directional coupler 
may be used. Furthermore, in the present embodiment , electrodes 
have been arranged on the optical waveguide . However, the present 
invention is not restricted to this, and the electrodes may be 
arranged on both sides of the optical waveguide. The electrodes 
may be micro-strip lines or coplanar lines. 

In the present embodiment , electrodes 6 6 have been arranged 
on UV-rays hardening resin 640 having a different refractive 
index. However, as shown in Figure 6(b) , even in case that the 
electrodes 66 are arranged on UV-rays hardening resin 64 having 
a uniform refractive index, when an electrode 66 applies an 
electric field onto the UV-rays hardening resin 64 , a part having 
a different refractive index is formed within the UV-rays 
hardening resin 64. 

In the present embodiment, an electrode 66 applies an 
electric field onto the UV-rays hardening resin 64, whereby a 
part having a different refractive index has been formed within 
the UV-rays hardening resin 64. At that time, such parts having 
a different refractive index are not restricted to be generated 
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in only the direction of light propagation, but may be generated 
in both the direction of light propagation and a direction 
substantially perpendicular to the direction of light 
propagation, and may be generated in only a direction 
substantially perpendicular to the direction of light 
propagation . 

(Sixth Embodiment) 

Figure 7 is a diagram showing a method of fabrication of 
an optical element according to a sixth embodiment of the 
invention. 

First, UV-rays hardening resin 7 4 is applied onto the 
surface of a substrate 71 composed of glass or transparent resin, 
thereby forming a film. The UV-rays hardening resin 74 has a 
refractive index higher than that of the substrate 71, whereby 
the UV-rays hardening resin 74 in the film form works as an optical 

waveguide core. 

Then, the UV-rays hardening resin 74 is hardenedby UV-rays 
irradiation. The refractive index of the UV-rays hardening resin 
after hardening varies within the range of 0.001 depending on 
the amount of irradiated light. Accordingly, when a part of the 
film is irradiated by UV-rays with varying the intensity, the 
UV-rays hardening resin 74 is hardened, at the same time, a part 
740 having a refractive index higher than that of the other part 
is formed. Accordingly, light is confined within the part 740 
having a refractive index higher than that of the surrounding 
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part, whereby the part works as a three-dimensional optical 
waveguide . 

The present embodiment has been described for the case 
of an optical waveguide having a linear shape. However, the 
present invention is not restricted to this, and is applicable 
to any case of optical waveguide pattern generally used. Further , 
deflection, branching, and coupling of optical waves can be 
controlled. Furthermore, another planar substrate may be placed 
as an upper clad. 

(Seventh Embodiment) 

Figure 8 is a diagram showing a method of fabrication of 
an optical element according to a seventh embodiment of the 
invention . 

The difference of the present embodiment from the sixth 
embodiment is that the UV-rays irradiated onto UV-rays hardening 
resin 84 has periodical intensity distribution. Accordingly, 
the present embodiment in the other points is the same as the 
sixth embodiment, unless otherwise mentioned . UV-rays hardening 
resin 84 is irradiated by UV-rays having periodical intensity 
distribution, whereby the amount of light irradiated onto the 
surface of the UV-rays hardening resin 84 is varied periodically . 
Accordingly, periodical distribution of refractive index is 
formed in the UV-rays hardening resin 84. 

The periodical distribution of refractive index realizes 
an optical-waveguide type diffraction grating. In the light 
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irradiation, phase mask technique and interference exposure 
technique may be used. Further, a photomask having periodically 
varying transmissivity may be used. Furthermore, scanning by 
laser light irradiation or electron beam irradiation may be used. 
(Eighth Embodiment) 

Figure 9 is a diagram showing a method of fabrication of 
an optical element according to an eighth embodiment of the 
invention . 

First, UV-rays hardening resin 94 is applied onto the 
surface of a substrate 91 composed of glass or transparent resin, 
thereby forming a film. The UV-rays hardening resin 94 has a 
refractive index higher than that of the substrate 91, whereby 
the UV-rays hardening resin 94 in the film form works as an optical 

waveguide core. 

Then, the UV-rays hardening resin 94 is hardenedby UV-rays 
irradiation. At that time, a light shielding plate 93 is inserted 
between the UV-rays hardening resin and a light source . The light 
shielding plate 93 kept substantially parallel to the substrate 
91 is sequentially moved so that the light irradiated region 
on the UV-rays hardening resin 94 changes sequentially. 
Accordingly, the amount of light irradiation onto the UV-rays 
hardening resin 94 varies in a substantially monotone decreasing 
manner. As a result, continuous distribution of refractive index 
is formed. 

When the velocity of the movement of the light shielding 



- 26 - 



plate is adjusted, arbitrary distribution of refractive index 
is obtained. 

In the present embodiment, a single light shielding plate 
has been used. However, a plurality of light shielding plates 
may be used in order to form refractive index distribution 
continuously varying in a plurality of directions . . Further , in 
the present embodiment, the light shielding plate 93 and hence 
the region of irradiation have been moved, whereby the amount 
of irradiation has been changed. However, in the UV-rays 
irradiation, a mask having continuously varying transmi s s ivi ty 
may be used. Furthermore, in the present embodiment, the amount 
of irradiation has been varied continuously. However, a part 
having a constant amount of irradiation and a part having a 
discrete change in the amount of irradiation may exist. 

(Ninth Embodiment) 

Figure 10 is a diagram showing a method of fabrication 
of an optical element according to a ninth embodiment of the 
invention . 

First, as shown in Figure 10, one end of an optical fiber 
107 is placed on the surface of a substrate 101 composed of glass 
or transparent resin. Then, UV-rays hardening resin 104 is 
applied thereon. After that, the UV-rays hardening resin 104 
is hardened by UV-rays irradiation, whereby the optical fiber 
107 is fixed on the substrate 101. The UV-rays hardening resin 
104 has a refractive index higher than that of the substrate 




101 , whereby the UV-rays hardening resin 104 works as an optical 

waveguide core . 

The refractive index of the UV-rays hardening resin after 
hardening varies depending on the amount of irradiated light. 
Accordingly, when the UV-rays hardening resin 104 is irradiated 
by light having periodical intensity distribution, periodical 
distribution of refractive index is formed in the UV-rays 
hardening resin 104 . This periodical distribution of refractive 
index realizes a diffraction grating. Accordingly, an optical 
element is obtained, and at the same time, an optical fiber is 
connected thereto . 

In the present embodiment, UV-rays hardening resin has 
been used as the material of the channel for optical waveguide 
core . However , the material to be used is not restricted to this , 
and may be thermo-hardening resin. Further, in the present 
embodiment, an optical fiber has been used as another optical 
element . However , the optical element is not restricted to this , 
and may be a wavelength filter, an isolator, a mirror, a lens, 
and the like. Furthermore, in the present embodiment, a 
diffraction grating has been formed. However, the present 
embodiment is not restricted to this, and an ordinary optical 
waveguide may be formed. Further, optical and electrical 
components, such as light emitting elements, light receiving 
elements, electrode wiring, and semiconductor devices, may be 
implemented together. 
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As described above, the present invention provides an 
optical element and a method of fabrication thereof, thereby 
permitting mass production of optical elements such as optical 
waveguides at a low cost. 
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